Background. High-volume single-institution studies support the oncologic safety of nipple sparing mastectomy (NSM). Concerns remain regarding the increased potential for complications, recurrence, and delays to subsequent adjuvant therapy. A national database was used to examine treatment and outcomes for NSM patients. Methods. Women undergoing unilateral NSM or skin sparing mastectomy (SSM) for stage 0-4 breast cancer from 2004 to 2013 were identified from the National Cancer Database. Demographic and oncologic characteristics, short-term outcomes and time to local and systemic treatment were compared. Results. NSM was performed on 8173 patients: 8.7% were node positive, and for stage 1-4 disease, 10.6% were triple negative (TN) and 15.3% were HER2-positive. NSM patients were less likely than SSM patients to receive chemotherapy [CT] 1,2 Previous single institution studies and two meta-analyses have found no increase in loco-regional recurrence rates with NSM. [3] [4] [5] [6] [7] However, the majority of NSM patients in those studies had lower risk disease. The patients with the longest follow up in those studies also had stricter eligibility criteria with respect to tumor size, absence of nodal involvement and distance from the nipple.
Nipple sparing mastectomy (NSM) for the treatment of breast cancer is increasing in the United States. A recent analysis of the National Cancer Database (NCDB) found that 8.0% of all mastectomies with reconstruction done for cancer in 2013 were NSM. 1 Almost half of the NSM patients treated from 2010 to 2013 had high-risk features (tumors greater that 2 cm, node positive, HER2-positive, or high grade), which National Comprehensive Cancer Network (NCCN) guidelines caution should be contraindications for this procedure. 1, 2 Previous single institution studies and two meta-analyses have found no increase in loco-regional recurrence rates with NSM. [3] [4] [5] [6] [7] However, the majority of NSM patients in those studies had lower risk disease. The patients with the longest follow up in those studies also had stricter eligibility criteria with respect to tumor size, absence of nodal involvement and distance from the nipple. 3, 4 Concerns related to oncologic safety are based not only on the possibility of nipple areolar complex recurrence, but also on the relative technical difficulty of NSM, with greater potential for complications and delay to subsequent adjuvant therapy. Delay to adjuvant treatment is known to be associated with lower breast cancer specific survival. [8] [9] [10] [11] Regarding complications following NSM, a meta-analysis of 23 studies cited an overall 8.8% rate of nipple-areolar necrosis (range 0-41%), a 2.0% rate of nipple areolar loss, a 9.5% rate of skin flap necrosis and a 3.4% rate of expander-implant loss. 4 However, these are outcomes reported by high volume centers. The national rates of these complications are likely much higher, as the NCDB report found that over three-quarters of the centers performing therapeutic NSM had done fewer than 10 cases over a four year period. 1 Based on these observations, we sought to investigate the impact of NSM on short-term outcomes using a large, multi-institutional dataset. We compared the positive margin rates, readmission rates, and time to therapy (surgery, adjuvant chemotherapy, radiation therapy, and adjuvant hormonal therapy) for patients who underwent NSM versus skin sparing mastectomy with immediate reconstruction (SSM). We performed subgroup analyses on those patients deemed high risk by clinical and pathologic factors.
METHODS

Data Source
The NCDB, established in 1989, is a nation-wide, facility-based, comprehensive clinical surveillance resource oncology data set jointly sponsored by the Commission on Cancer (CoC) of the American College of Surgeons and the American Cancer Society that collects information annually on approximately 70% of all newly diagnosed cancers in the United States from more than 1500 CoC accredited facilities. Data collected includes patient characteristics, tumor characteristics, treatment and outcomes. The American College of Surgeons has executed a Business Associate Agreement that includes a data use agreement with each of its CoC accredited facilities. Institutional review board approval was obtained.
Patient Selection
De-identified data from the NCDB was obtained for patients diagnosed with breast cancer between 2004 and 2013. We selected breast cancer patients who underwent mastectomy with reconstruction based on site-specific surgery codes as described in the Facility Oncology Database Standards (FORDS manual). 12 Patients with surgery code 30 (''removal of breast tissue without the nipple and areolar complex (NAC) or overlying skin. Patient may be considered to have undergone breast reconstruction'') were classified as having NSM. Patients were classified as having a SSM based on site-specific surgery codes 43-46, 53-56 and 64-67, which includes simple, modified radical and radical mastectomy, all with reconstruction and without removal of contralateral breast. These codes all involve removal of the NAC. Patients undergoing bilateral mastectomy were excluded because the coding in this procedure does not allow determination of whether a NSM was performed. Male patients, individuals without reconstruction and cT0 patients were excluded.
Data Analysis
Demographic, clinical, and treatment characteristics were identified for our study sample. Clinical and demographic data including age, Charlson comorbidity index, estrogen receptor (ER) status, HER2/neu receptor status and clinical (c) and pathological (p) tumor (T), nodal (N) and metastatic (M) stages were recorded. Treatment and outcome information including length of hospital stay (LOS), 30-day readmission rates, and receipt of chemotherapy, hormonal therapy, and post-mastectomy radiation therapy were recorded. Surgical margin status following mastectomy was also examined. In the NCDB, this is reported as positive or negative; however the location of the positive margin (eg skin, nipple or deep) is not specified. Time to therapy was also estimated from date of diagnosis and date of surgery using Kaplan-Meier estimators for various treatment combinations. In NCDB, only the first date of each treatment modality received is recorded. Pathologic complete response (pCR) rate was determined for a subsample of patients with invasive breast cancer and no evidence of distant metastases (cM0/0i?) who received neoadjuvant chemotherapy (NCT), and had known clinical and pathological staging information (cT, cN, pT, and pN, excluding cTisN0). pCR was defined as pathologic stage ypT0/ispN0pM0.
The proportion receiving NSM (of the sample with NSM or SSM) was calculated for each year and changes assessed and fit using Joinpoint Regression Program (version 4.2, Information Management Services, Incorporated; Calverton, MD) with log-linear models. Annual percent changes (APC) were estimated for the final selected model. Statistical analyses were performed with STATA MP, version 12.0 (StataCorp LP, College Station, TX). Demographic and clinical characteristics were compared by type of surgery using Chi-squared analyses. Kaplan-Meier curves of time to therapy were compared across type of mastectomy with a Log-rank test.
RESULTS
We identified 129,951 patients for analysis, with 8173 (6.3%) in the NSM group and 121,778 in the SSM group. NSM was performed from 2004 to 2007 at a steady rate of 2.2% ( Fig. 1 ), increasing sharply after 2007 at an APC of 47.5 (p \ 0.001).
Patient/tumor characteristics
Patient demographic and clinical characteristics/treatments are shown in Table 1 . Median age for the two groups differed slightly (51 years old for NSM vs. 52 years old for the SSM patients, p \ 0.001), but the NSM group were more likely to be \ 45 years old at diagnosis (26% vs. 20.5%, p \ 0.001). Most patients in both groups presented with invasive breast cancer (clinical stage 0 reported in 26% (2,125) of NSM and 20% (24,560) of all SSM patients). NSM was more likely to be performed in clinically early stage patients than SSM; those who presented with cTis or cT1 disease were 1.34 times more likely to receive NSM than SSM (p \ 0.001) and those with cN0 disease were 1.55 times more likely (p \ 0.001). In patients with invasive cancer (i.e. AJCC pathologic Stage I-IV), there was no significant difference in the rate of triple negative breast cancer (10.16 vs. 10.3%) or HER2-positive disease (15.3 vs. 16.2%) for NSM vs. SSM (Table 2) .
Treatment Characteristics
Overall, NSM patients were less likely to receive adjuvant therapy. For those with known treatment information, surgery with no additional therapy was performed in 31.1% of NSM vs. 28.5% of SSM patients (p \ 0.001). Chemotherapy and post-mastectomy radiation (PMRT) were also less common in the NSM vs. SSM group (38.4 vs. 45.1% and 15.6 vs. 16.9%, respectively, both p \ 0.001) ( Table 1) . Patients with NSM were more likely to have PMRT alone without any other adjuvant treatment (1.3 vs. 0.5%, p \ 0.001) as well as radiation and hormonal therapy (HT) without chemotherapy (2.9 vs. 1.5%, p \ 0.001).
Despite receiving chemotherapy less often, patients selected for NSM were significantly more likely to have received their chemotherapy in a neoadjuvant setting than SSM patients (35.9 vs. 22.7%, p \ 0.001). This is especially true for patients with clinically high-risk disease (cT3/4 tumors, cN2/3, triple negative or HER2-positive), with odds ratios (OR) of receiving NCT (vs AC) compared to SSM patients ranging from 1.75 for patients with cT3/T4 tumors to 3.76 for those with advanced nodal disease (cN2/ 3) (Table 3 ). For patients who received NCT, the pCR rate was markedly higher in the NSM group (25.8 vs. 14.5%, p \ 0.001). This difference persisted after controlling for ER status, HER2/neu status, age, T stage and N stage (OR 1.41 for pCR in NSM compared to SSM, p = 0.001). The rate of PMRT after NAC did not differ significantly between groups (4.5 vs. 4.6%, p = 0.523).
Short Term Outcomes and Time to Treatment
NSM patients were less likely to have LOS C 3 days (17.6 vs. 23.7%, p \ 0.001) and less likely to have an unplanned readmission within 30 days (2.2 vs. 2.7%, p \ 0.001). However, they also had a lower comorbidity burden as measured by the Charlson co-morbidity index (p \ 0.001). On multivariate analysis including age, comorbidity index, stage, receptor status and receipt of NCT, both LOS and unplanned 30 day readmission remained lower for NSM. Of those with known surgical margin status, the rate of positive margins was similar for NSM (4.1%) and SSM (3.9%) patients (p = 0.600) and in those with positive margins there was no difference in microscopic versus macroscopic residual tumor.
There was no difference in time from surgery to adjuvant chemotherapy (AC) (Fig. 2a) . Time to PMRT in patients who also received chemotherapy was separately evaluated, based on whether NCT or AC was administered. For both groups, there was no difference in time to PMRT either from date of diagnosis or date of surgery between SSM and NSM patients (Fig. 2b, c) . Median time to HT was longer for SSM patients overall (a difference of 17 days between median days to therapy from date of diagnosis), driven by patients who received chemotherapy (Fig. 2d) . Even so, the overall time to HT from diagnosis for all groups was within the 365 days endorsed by the National Quality Forum. 13 Multivariate analyses of time to CT, PMRT or HT controlling for age, stage, comorbidity, receptor status and NCT confirmed no difference between NSM and SSM patients (results not shown).
DISCUSSION
This is the first study to report treatment patterns and short-term outcomes by mastectomy type for unilateral breast cancer patients undergoing reconstruction in a large were HER2-positive, 10.1% were triple negative and 10.0% were node positive. Current NCCN guidelines state that nipple-areolar sparing procedures are an option for carefully selected patients based on retrospective data for early-stage, biologically favorable breast cancer. 2 However, indications for NSM vary widely in the literature, and large case series increasingly describe the use of NSM for locally advanced disease.
14-17 Only 3.5% of patients in our NSM population had T3/T4 tumors and 1.1% had N2/N3 disease. However, more than one-quarter of patients selected for NSM were ER negative or HER2-positive, and over one-third received chemotherapy,, suggesting that a substantial proportion of NSM patients represent a higher risk cohort than would be recommended by guidelines.
There are multiple studies reporting worse overall and breast-cancer-specific survival in patients who experience a delay to chemotherapy after surgery. 8, 9 This is particularly the case for high-risk patients (triple negative, HER2-positive or stage 2/3 disease). 6 While the NCDB does not collect data on surgical complications directly, we examined short term outcomes such as LOS, unplanned readmissions and time to adjuvant treatment after surgery, all of which may be influenced by surgical complexity and complication rate. LOS and readmission rates were slightly lower for NSM in both adjusted and unadjusted models, although we were unable to account for type of reconstruction, which is not consistently reported in the NCDB.NSM was not associated with a delay in delivery of adjuvant chemotherapy or hormonal therapy compared to SSM.
Within the group of patients who receive chemotherapy, those who require NCT typically have more advanced clinical disease or an unfavorable disease subtype compared to those who receive it in the adjuvant setting. 2 The use of NSM for patients receiving NCT is increasingly described in the literature. [5] [6] [7] 15 A recent series reported an increase in the proportion of therapeutic NSM patients receiving NCT from 8 to 21% over a 5-year period. 16 In our study, 12.7% of NSM patients received NCT. Compared to SSM patients, patients selected for NSM were more likely to have received their chemotherapy prior to surgery. Our results suggest that, although a significant number of patients undergoing NSM are high risk at presentation, many of these were selected for NSM after receiving NCT. The higher proportion of pCR in the NSM group also suggests that within this high-risk group, NSM was reserved for patients with evidence of a good clinical response to NCT, which comprise a group that has historically been shown to have more favorable long-term outcomes. 17 Patients at greatest risk for subsequent recurrence based on extent of disease require timely delivery of both chemotherapy and PMRT. 2 The consequences of delay to PMRT is poorly studied, although studies of breast conserving therapy suggest that loco-regional recurrence rates are higher when radiation is delivered more than 8 weeks after surgery, even in patients with early stage disease. 10, 11 Reassuringly, we found that the subset of NSM patients who received both chemotherapy and PMRT did not have a longer time to radiation than their peers who underwent SSM, regardless of whether the chemotherapy was delivered in the adjuvant or neoadjuvant setting. Our results also [18] [19] [20] Our study has several important limitations. Accuracy of coding in the NCDB cannot be verified, and important clinical data such as HER2/neu status, T stage and N stage was incomplete for some patients. Additionally, it is likely that the current coding fails to capture all the NSM cases in this dataset. The American College of Surgeons recommends that NSM be billed using the Current Procedural Terminology codes for simple mastectomy, and currently the only billing code specific to nipple sparing (subcutaneous) mastectomy does not accurately reflect the modern oncologic operation. 21, 22 This may influence the wording of operative reports and hinder the effort of tumor registry abstracters to accurately differentiate SSM and NSM, leading to underreporting of the true rate of NSM in NCDB. We also excluded patients undergoing bilateral mastectomy as these codes do not indicate mastectomy type. 12 These limitations highlight the importance of prospectively maintained databases such as the American Society of Breast Surgeons NSM registry, and argue for creation of specific registry and billing codes.
This study adds to existing data on the oncologic safety of NSM. It provides insight into recent, short-term outcomes of therapeutic NSM in clinically and geographically diverse treatment settings across the country. We found that the use of NSM to treat breast cancer was increasing, and that a significant proportion of NSM patients had less favorable biologic features. Even so, our analysis showed that NSM was not associated with any worse short-term outcomes or a delay in time to adjuvant therapy.
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